Abstract: Due t o their spe ctral characteri stics, phototoxicity and high affinit y for tumour tissues, porphy rins and th eir derivatives are wi dely used in modern medicine as contrast agents for cancer diagno stics and as sensitizers in photodynamic therapy, where they kill tumours via enhancement of tumour oxidative stress. T he ai m of this wor k was to si mulate in vitro the effects cau sed by oxidation of tw o free ba se por phyrins, 5,10,15,20-tetraphenylporphyrin (TPP) and 5,10,15,20-tetra(4-methoxyphenyl)porphyrin (TMOPP). The kinetic study was monitored using spectral techniques and chemiluminescence. The effect of both porphy rins on an oxidati on proce ss wa s evidenced u sing the c hemiluminescent sy stem, lu minal-hydrogen peroxide, in a phosph ate buffer at pH 7. It was found that at low conce ntration, TPP exerts the anti-oxidative effect in the employed che miluminescent system, while at higher con centrations, its effect is pro-oxidativ e. TMOPP ex erts a pro-oxida nt effect, whic h was more pr onounced than TPP. The results are discussed with respect to oxidative stress.
INTRODUCTION
Porphyrins, free bas e and metallocomplexes, 1,2 play an im portant role in many energy transfer processes from photochemistry, 3 photobiology 4 and photomedicine. 5, 6 Porphyrins can be ox idized chemically, electrochemically, photochemically (photosensitization) to form porphyrin-ring centred oxidized products. 7 Recently, importance was granted to oxidative stress (a co mmon state in most pathological conditions, such as cancer, diabetes, radiation injury and disorders of the ce ntral nervous system), especially regarding the role of synthetic antioxidants, such as Mn por phyrins, in the treatment of oxidative stress. 8, 9 Chemi-334 VOICESCU, ION and MEGHEA luminescence detection reactions have become popular in analy tical biochemistry, essentially due to their high sensitivity . In this w ay, a s ynthetic chemiluminescent sy stem (lu minol/porphyrin) was conveniently em ployed t o measur e serum oxalate by determ ination of the hydrogen pero xide generated thro ugh o xalate oxidase. [10] [11] [12] In order to use metalloporphyrins as labels in immunoassays or in nucleic probes, a detecti on method based on luminol chemiluminescence (CL) at alkaline pH was developed. 13 The generation of the free radicals HO • and O 2
•-was found to be the result of l uminol oxidation by metalloporphyrins. In these respects, usin g 5,5' -dimethyl-1-pyrroline-N-oxide as a spin trap agent, electro n spin resonance (ESR) evidenced the production of HO • and O 2
•-. The role o f O 2
•-was confirmed by the almost complete inhibition of light emission when superoxide dis mutase was added to the CL reaction. The contribution of oxy gen was also confirmed by the large decrease in the CL emission when deaerated solutions were used. 7, 13 Owing to their redox properties, FMN and NAD enhancers could act at this level through an incr ease of the exchange rate between Fe 2+ and Fe 3+ . In the presenc e of FMN, a significant red shift and shape change of the l uminol emission spectrum was observed, which arise from an energy transfer phenomenon in the final luminescent step of the reaction. 13 It is known t hat several synthetic metalloporphyrins associated with oxygen atom donors are potent cat alysts for the chem iluminescent oxidation of lum inol or isoluminol. In these respects, the lumi nescence produced at pH 7.5 in the presence of isoluminol, H 2 O 2 and metalated water -soluble porphyrins (Fe 3+ or Mg 2+ derivatives of tetra-sodium meso-tetrakis(p-sulphonatophenyl)porphyrin and meso-tetrakis(4-N-methyl-pyridiniumyl)porphyrin] te traacetate was of the sa me order of m agnitude as that produced by horseradish peroxidase under the same conditions. 14, 15 Many porphy rins cataly ze lu minol chemiluminescence a t pH 13 without addition of peroxide. The m ost active catalyst was Mn-meso-tetrakis(psulphonatophenyl)porphyrin. It was fou nd that Tween-20 enhance d the activit y of this cataly st best at a Tween-20 to lum inol ratio of 74:1. D odecyl sulp hate enhanced best at the opti mum dodecy l sulphate to l uminol ratio of over 10 00:1 and both detergents enhanced the r eaction when present below their critical micelle concentrations. Moreover, n egatively ch arged aliph atic co mpounds, su ch as fatty acids, enhanced the reaction but positively charged aliphatic co mpounds inhibited it. 11 The Mn and Fe porphyrins that were shown to have broad antio xidant properties are, in effect, analo gues of naturally occurring haeme (iro n protoporphyrin IX). It was shown that the reactivities of the synthetic metalloporphyrins were not constrain ed b y t he m icroenvironment of protein-bound haem e. 16 Moreover , Ferrer-Sueta et al. 17 and Crow 18 reported that so me metalloporphyrins appear to be capable of scavenging the CO 2 adduct of perox ynitrite. In addi tion, metalloporphyrins were shown to be protective in a number of cell and animal models of OXIDATIVE ACTIVITY OF FREE BASE PORPHYRINS 335 oxidative injury 19 and models of stroke. 20 Such evid ence that these redox active porphyrins were effective via peroxynitrite scavenging was provided b y showing that protein nitration was prevented. 21, 22 In these r egards, prevention of protein nitration stro ngly su ggests that other de leterious reactions of pero xynitrite were also prevented. However, new evidence suggests that m etalloporphyrins have protective effects independent of antioxi dant activities, nam ely that they are potent inducers of haeme oxy genases and other heat shock proteins -p roteins which are known to enhance survivability to oxidative stress.
Recently, the lipophilicity of potent porphyrin-based antioxidants, by a comparison between ortho-and meta-isomers of Mn 3+ -N-alkylpyridylporphyrins was studied. 23 This work fo llows a previous stud y 24 and deals with the effects o f two free base porphyrins (5,10,15,20-tetra-p-phenylporphyrin (TPP) and 5, 10,15,20-tetra--(p-methoxyphenyl)porphyrin (TMOPP)) in an oxidation process studied by a chemiluminescence method using the c hemiluminescent sy stem l uminal-hydrogen peroxide in phosphate buffer at pH 7. It was found that at low concentrations, TPP exerted an anti-oxidat ive effect in t he employed CL system, while its effect was pro-oxidative at higher concentrations . TMOPP exerted a pro-oxidant effect, which was more pronounced than TPP. These findings coul d be im portant regarding oxidative stress as a function of concentration. The studied free base porphyrins could have a protective effect against reactive oxygen species.
EXPERIMENTAL Materials
The sy stem lu minol ( LH 2 ) (8 .80×10 -5 M)-h ydrogen peroxide (H 2 O 2 ) (30 m M ) in 50 mM phosphate buffer at pH 7 was considered the reference sy stem. LH 2 and H 2 O 2 were from Merck and the phosphate buffer from Sigma. TPP, in which R = C 6 H 5 (5,10,15,20-tetraphenylporphyrin) a nd TMOPP, in which R = C 6 H 5 -OCH 3 (5,10,15,20-tetra(4-m ethoxyphenyl)-porphyrin) (Fig. 1) were synthesized by Prof. Ion's tea m and the solutions for this study were prepared in dimethyl sulphoxide (DMSO). 25 Fig. 1. Chemical structure of the studied porphyrins.
Methods and apparatus
The chemiluminescence (CL) me asurements were reali sed with a c hemiluminescence instrument TD 20/20 Turner Design, USA. The point s on the plot were obtained by in tegrating the ligh t signal at perio ds of 4 s. where I 0 and I represent the CL intens ity measured for the reference s ystem and for the reference sy stem in the pre sence of antipy rine, respectively ; both value s w ere measured 5 s after the beginning of the reaction.
The I CL = f(t) variation enable the determination of the rate constant of the reaction, for the up ward p art of the plot, −k 2 (attributed t o the consumption of free ra dicals reaction), as well as for the downward par t of the curve, k 1 (attributed to the for mation of free radicals reaction), considering that the CL reaction is first order. The value s of k 1 and k 2 were determined using the following equation:
in which t i represents the time at the moment i, t 0 represents the initial time, I i is the intensit y of CL signal at the moment i and I 0 is the intensity of the CL signal at the initial moment. The value of the rate constants were calculated in time range 5-60 s (−k 2 ) for the LH 2 /phosphate at pH 7/H 2 O 2 , at pH 7/H 2 O 2 /TPP and TMOPP systems.
The visible absorption spe ctra were reco rded on a SPECORD M400 Carl Zeiss Jena spectrophotometer. The mass spectra were obtained with an HP 5985 spectrometer (Hewlett--Packard), using a silica column. The final p roduct of th e photodegradation reaction of T TP was identified with a Perkin Elmer spectrometer, from CCl 4 solution.
The FTIR spec tra were acquir ed using a Jasco FT/IR-470 plus or a FT/IR-4200 spe ctrometer as KBr pellets.
Carlo Erba FTV 4160 gas chromatograph, incorporating Grob-type split/splitless and oncolumn injectors, was employed throughout this work. The same type of inst rument was also linked to an AEI MS 30 magnetic sector mass spectrom eter. A flexible sili ca interface was employed to prevent adsorption and decomposition of the porphyrins.
Several WCOT capillary columns, coated with apolar phases, w ere employed. A 20 m×0.34 mm i.d. glass capillary column coated with CP Sil 5 ( Chrompak) was adequate for the analysis of the porphyrin derivatives. The less volatile porphyrin derivatives were analysed on a 6 m×0.3 mm i.d. Hewlett-P ackard flexible fused silica capillary column coated with OV-1 stationary phase. Hydrogen was usually employed as the carrier gas, typically at an inlet pressure of 0.2 kg c m -2 , producing an a verage gas velocity of approxim ately 100 c m s -1 . All analy ses were temperature programmed.
The ketone and peroxide concentrations were determined by colorimetric methods as indicated in the literature. 26 
RESULTS AND DISCUSSION
The chemiluminescence (CL) technique is based on generating free radical s (HO
• ) in a lum inescence system and is followed by the study of pro-and anti-oxidati ve actions on a specific molecule. 13, 14 CL is a concerted chemical and phy sical process which occu rs after an exergonic chemical reaction, releasing the energy as light. In this way, a molecule in the excited state un-dergoes a structural arrangement process of an electronic level, showing physical and chemical properties th at are different compared to those of t he ground state. It is well kn own that LH 2 -H 2 O 2 in al kaline solution yields an excited am inophthalate dianion species, which leads t o the appearance of oxygen free radicals, such as: the superoxide ani on, singlet ox ygen and h ydroxyl radical. 13, 14 The result of the multiple interactions is light emission, as lum inol is consu med. In the presence of an antioxidant compound (which consumes free radicals), the CL intensity decreases, while t he effect of a pro-oxidant co mpound ( which increases the concentration of free radicals) is an increase in the CL intensity.
The CL measurements were recorded in order to evaluate the anti-oxidative ability of TPP and TMOPP in various sy stems. Chemiluminescence, already evidenced for some porphy rins by Wasser and Fuhrhop 27 was evaluated at 430-440 nm in this stud y. Usually, the degrada tion of p orphyrins involves a macrocycle break with an energy release of 60-70 kcal/mol, sufficient for light em ission. In DMSO and hydrogen peroxide, the proton from inside the porph yrin macrocycle can leave the macrocycle and the porphyrin becomes an anion with a strong electronic density at the methine carbon position. [28] [29] [30] Under such conditions, the anionic form of the porph yrin could aggregate (Fig. 2, 2) , in good agreement with literature data, 31 Fig. 2 . The variation of the CL intensity as a function of time (Fig. 3) allows the determination of the quenching of the CL reaction for systems that contain porphyrins. It was f ound that the profiles of the CL in the presence of TPP and TMOPP porphyrins were almost the same and the peak intensities of the CL increased with increasing concentration of the employed porphyrin. At small con centrations, TPP 338 VOICESCU, ION and MEGHEA acts as a trap for free radicals produced in the system LH 2 -H 2 O 2 . At higher concentrations, 0.50-1.5 µM, TPP leads to a strong increase of the CL intensity, which in fact could be the result of a process of aggregation of porphyrins in DMSO and in the presence of H 2 O 2 . An oxidation of lum inol by the por phyrin occurs. This is a consequence of the photo generation of h ydrogen peroxide by the p orphyrins. 32 Similarly, in the cas e of T MOPP (the r esults are not shown), an i ncrease in the CL intensity, more pronounced than in the case of TPP, was evidenced. These are according to the efficie ncy of CL quenching ( S / %) and reaction rate values, Table I . Moreover, it can be observed that the results also corroborate with th e concentration of ketones and peroxides.
The responsible species f or chem iluminescence are dioxetane species, via ketone and p eroxide species evidently, as d etermined by IR spectroscopy, the stretching vibrational bands ν(C=O) at 1600 and 980 cm -1 (Fig. 4) , and b y mass spectrometry (Fig. 5) . It was possible to deter mine the ket one and peroxide concentrations, as a proof for the above-mentioned porphyrin degradation, Table I . It can be observed that, in the case of TMOPP, the found concentration of ketone, 23.5 μM/ml was higher than t hat in the case of TPP porphy rin, 5.12 μM/ml. With regards to the peroxide concentration, a higher value was also found, 17.4 μM/ml in the case of TMOPP compared with 3.13 μM/ml in the case of TPP. 
CONCLUSIONS
The study was aimed at simulating in vitro the effects of 5,10,15,20-tetraphenylporphyrin (TPP) and 5,10,15,20-tetra(4-methoxyphenyl)porphyrin (TMOPP) i n the oxidati ve sy stem lu minal-hydrogen peroxide, in phosp hate b uffer at pH 7 . The kinetic s tudy was monitored by the evolution of the chem iluminescence intensity as a function of ti me. It was found that at a low concentration (0.25 μM) TPP exerted an anti-oxida tive effect in the em ployed chem iluminescent sy stem while at higher concentrations (0.50-1.5 μM), its effect was pro-oxidant. TMOPP, for the same range of concentrations, exerted a pro-oxidant effect, which was more pronounced than that of TPP.
The ketone and peroxi de concentrations were found to be higher in the case of TMOPP than in the case of TPP.
These aspe cts are i mportant and could be an indication in future investigations with regard to the oxidative stress process. Moreover, the results are an additional tool to predict a p ossible protective effe ct of free base porphyrins in an oxidation process. Thes e f ree base porphy rins may have a protective effect that could work independently of anti-oxidant activities. Порфирини и њихови деривати се, захваљујући својим спектралним карактеристикама, фототоксичности и великом афинитету према ткиву тумора, широко користе у модерној ме-дицини као контрастни агенси у дијагнози тумора и терапији. Они убијају туморе повећава-јући оксидативни стрес у њима. Циљ овог рада је да in vitro симулира ефекте које изазивају две слободне базе порфирина, 5,10,15,20 -тетрaфенилпорфирин (TPP) и 5,1 0,15,20-тетрa(4-ме-токсифенил)порфирин (TMOPP). Кинетичка студија је праћена спектралним и хемилуми-несцентним методама. Ефекат порфирина у процесу оксидације је одређиван у хемилуми-несцентном систему, луминол-водоник-пероксид, у фосфатном пуферу, рН 7. При ниским концентрацијама ТPP има антиоксидативни ефекат, док при вишим концентрацијама има прооксидативно дејство. ТМОPP испољава прооксидативни ефекат и то израженије него ТPP. Резултати су дискутовани у односу на оксидативни стрес. 
